Limited water supplies for irrigation on the Texas High Plains frequently result in sugarbeets (Beta vulgaris L.) being grown with irrigation amounts less than that re quired to fully satisfy evapotranspiration (En. This re search was conducted to determine the influence of sea sonal irrigation amount on sugarbeet yield, sucrose, water use efficiency, and purity factors. Seasonal irriga tion treatments designated as none, limited, and adequate received an average of 0, 10.7, and 20.3 inches respectively, of irrigation between 10 June and 10 Sep tember during seven years of study. Fertilizer N was adjusted, when possible, for the anticipated yield level of each irrigation treatment. Weather conditions were generally favorable so yields were high for all treatments. Total ET averaged 28.3, 38.5, and 46.7 inches and root yield averaged 18.6, 27.9, and 35.5 tons/A for none, li mited, and adequate irrigation, respectively. Limited sea sonal irrigation was slightly more efficient in increasing sucrose production per acre-inch of seasonally applied water than adequate seasonal irrigation. However, in terms of ET, efficiency of sugar production improved slightly as ET increased. Root yield and sugar production were highly dependent on ET. Difference& in ET explained 90% of the variability for yield over the 7-year period. Sucrose percentage was increased by low seasonal irrigation one year in seven. On the other hand, greater seasonal irrigation consistently reduced total impurities and sucrose loss to molasses which resulted in a higher percentage of recoverable sucrose. The drier irrigation treatments had greater amino-N in sugarbeet roots at har vest even though less fertilizer N was applied to the drier treatments. Thus, sugarbeets can be efficiently grown with a wide range of seasonally applied irrigation on the Texas High Plains; however, impurities in the roots will increase as seasonal irrigation is reduced.
search was conducted to determine the influence of sea sonal irrigation amount on sugarbeet yield, sucrose, water use efficiency, and purity factors. Seasonal irriga tion treatments designated as none, limited, and adequate received an average of 0, 10.7, and 20.3 inches respectively, of irrigation between 10 June and 10 Sep tember during seven years of study. Fertilizer N was adjusted, when possible, for the anticipated yield level of each irrigation treatment. Weather conditions were generally favorable so yields were high for all treatments. Total ET averaged 28.3, 38.5, and 46.7 inches and root yield averaged 18.6, 27.9, and 35.5 tons/A for none, li mited, and adequate irrigation, respectively. Limited sea sonal irrigation was slightly more efficient in increasing sucrose production per acre-inch of seasonally applied water than adequate seasonal irrigation. However, in terms of ET, efficiency of sugar production improved slightly as ET increased. Root yield and sugar production were highly dependent on ET. Difference& in ET explained 90% of the variability for yield over the 7-year period. Sucrose percentage was increased by low seasonal irrigation one year in seven. On the other hand, greater seasonal irrigation consistently reduced total impurities and sucrose loss to molasses which resulted in a higher percentage of recoverable sucrose. The drier irrigation treatments had greater amino-N in sugarbeet roots at har vest even though less fertilizer N was applied to the drier treatments. Thus, sugarbeets can be efficiently grown with a wide range of seasonally applied irrigation on the Texas High Plains; however, impurities in the roots will increase as seasonal irrigation is reduced. (Carter et al., 1980; Winter, 1980) . This characteristic makes sugarbeets a suitable crop for produc tion with "limited" irrigation; i.e., an irrigation amount less than that required to fully satisfy evapotranspiration (ET). Measured ET of fully watered sugarbeets at Bushland, Texas was 40 inches (Schneider and Mathers, 1969) .
Water stress will almost invariably decrease fresh root weight (Winter, 1980) ; however, effects on sucrose concentration and purity are not well understood. Sucrose concentration, on a fresh weight basis, can be increased by dehydration of the root due to water stress (Carter et al., 1980; Loomis and Worker, 1963) . On the other hand, increased irrigation has sometimes resulted in higher sucrose concentration (Archibald and Had dock, 1952; Haddock, 1959; Nicholson et al., 1974) . The latter effect is frequently due to leaching of nitrogen (N) from perme able soil by heavy irrigation. Loomis and Worker (1963) found that water stress increased sucrose concentration on a fresh weight basis but purity was not increased.
This research was conducted to determine the influence of the amount of seasonal irrigation on sugarbeet root yield, sucrose concentration, water use efficiency, impurities in the root at harvest, and extractable sucrose.
MATERIALS AND METHODS
These studies were conducted at Bushland, Texas on Pullman clay loam soil (fine, mixed thermic Torrertic Paleustoll). This soil has a moderately permeable surface horizon about 10 inches thick. The subsoil, extending to 25 inches, is a very slowly permeable clay. Due to the very low permeability of this soil, loss of water or nitrate-nitrogen (N03-N) to deep percolation would have been negligible during these studies. Plant available water holding capacity is about 9 inches in the upper 6 feet of the soil profile.
The cultivars Mono-Hy D2, 1976-79, and Mono-Hy TX9, 1982-85, were seeded on 30-inch beds in late March or early April. Seeding rates were 6 to 7 seeds/ft and the resulting stands were thinned to 8 inches between plants to give about 26,000 plants/acre. Irrigation plots were eight rows wide and 35 to 90 feet long. Two or more of the center rows from each plot were harvested for yield in November.
Soil water was determined gravimetrically on soil cores taken to 6 feet in 1976, 10 feet in 1977, and 12 feet thereafter. Soil water was measured prior to emergence irrigation in the spring and after harvest. All treatments were uniformly watered for emergence in the spring. Seasonal irrigation was applied at three levels during the period of about 10 June to 10 September. The driest treatment was not watered after the emergence irriga tion. Limited and adequate seasonal irrigation consisted of 1 to 3 and 3 to 8 irrigations, respectively, during the summer growing season. The amount of irrigation for these treatments was based on rainfall and evaporation from a 2-foot Young screened pan (Table 1 ). Experience has shown that evaporation from this pan closely estimates ET from sugarbeets after full ground cover. Precipitation plus irrigation applied to the adequately watered treatment ranged from 80 to 100% of pan evaporation. In other words, this treatment was not always "fully" irrigated. Also, no irrigations were applied after early September because later irri gation can interfere with harvest. The limited irrigation treatment was watered about once a month beginning in mid to late June except that rainfall and low ET frequently delayed these irriga tions so that some years only one or two irrigations were applied. The sugarbeets were grown in level basins which were flood irrigated through gated pipe. The amount of water applied was measured with an in-line flow meter. Residual N0 3 -N was measured by taking soil cores to 4 ft prior to planting (Table 2) . Soil , samples were dried at 70 C, ground, and N0 3 -N was determined using a nitrate ion elec trode. Fertilizer N was applied where needed based upon ex pected yield. While it is recognized that this procedure results in confounding the effects of water with those of N, the proce dure used seems preferable to applying equal N to all irrigation levels. Inputs, except irrigation and N, were the same for all irrigation treatments. t Determined on cores of the 0 to 4 foot soil profile taken prior to planting.
Two tare samples of about 30 pounds each were collected from each irrigation plot. These samples were analyzed for tare and sucrose percentage at the Holly Sugar Corporation facility in Hereford, Texas. Brei samples were collected, frozen, and later analyzed for sodium and potassium with a flame photome ter and for amino-nitrogen using the ninhydrin procedure in 1982, 1984, and 1985 . Sucrose loss to molasses and recoverable sucrose were calculated using the procedure of American Crystal Sugar Company (personal communication).
There were 2 to 4 replications of the irrigation treatments in a randomized complete block design. Yield and root quality data were analyzed by standard statistical procedures. Duncan's multiple range test at the 5% level of significance was used to determine statistical Significance of differences between irriga tion treatments.
RESULTS AND DISCUSSION
Precipitation during the growing season (roughly 1 April to 31 October) ranged from 10.9 to 19.4 inches and averaged 15.9 inches during the 7 years of these studies (Table 3) . Since the 46-year average precipitation at Bushland for 1 April to 31 Oc tober is 15.4 inches, precipitation during these studies was near normal. Evaporation from the 2-foot Young screened pan also averaged near normal (Table 1) . Thus, growing conditions during these studies were generally favorable for this region.
Net soil water use averaged 4.2,3.7, and 2.2 inches for none, limited, and adequate seasonal irrigations, respectively ( Table  3 ). The none and limited irrigation treatments generally removed all available water from the upper 8 to 12 feet of the soil profile except when precipitation was high near harvest. The adequately watered treatment sometimes, but not always, had less soil water depletion. Net soil water use varied between years depending on initial soil water content and late-season precipitation. Soil water depletion was high in 1979 because the soil had nearly 10 inches of available water prior to emergence irrigation. In other years, available water prior to emergence irrigation was only 2 to 6 inches. In 1985, the soil contained only 2.3 inches available water in February. Rainfall was 9.8 inches in September and October 1985 so the soil gained 4.1 to 7.0 inches between the initial measurement and sugarbeet harvest (Table 3) .
Total water use (ET) of the sugarbeet crop averaged 28.3, 38.5, and 46.7 inches for none, limited, and adequate seasonal irrigation treatments, respectively (Table 3) . ET of the wettest treatment is about 15% greater than previously reported for this area (Schneider and Mathers, 1969) . PreCipitation supplied 56, 41, and 34 percent of ET for none, limited, and adequate treat ments, respectively. These figures emphasize the much greater dependence of the drier treatments on rainfall.
Total water use is probably a slight overestimate of ET during the growing season. Soil samples were taken as mu(:h as 6 weeks before planting and after harvest. Corrections were made where significant precipitation occurred during this interval. Deep per colation is thought to be very low on this soil; however, losses of 1 to 2 inches/year are possible, especially on the wetter treat ments.
Root yields were good for all treatments considering that average commercial yields in the local area are about 20 tons/A. Seven-year average yields were 18.6, 27.9, and 35.5 tons/A for none, limited, and adequate seasonal irrigation, respectively. These yields indicate 0.66, 0.72, and 0.76 tons of roots produced per acre-inch of total water use for none, limited, and adequate treatments, respectively. Best water use efficiencies reported in the literature are about 1.0 ton/A-inch of ET (Jensen and Erie, 1971) .
Seasonal irrigation level affected water use efficiency ( Table   Table 3 . Sugarbeet water use, yield, and water use efficiency at three irrigation levels during 7 years at Bushland, Texas .
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Ib sugar/acre-inch 194NS  194  194  195NS  211  247  226NS  225  236  198b  239 a  229 a  222b  237ab  252 a  222NS  229  229  142b  198a  211 a  200c  219b  228 a 3). In terms of seasonal irrigation water applied, the limited irrigation treatment was slightly more efficient than the adequate treatment. This is probably accounted for by the fact that the limited treatment used more soil water and relied more on the emergence irrigation and rainfall than the adequately irrigated treatment. In terms of total water use, the adequately irrigated treatment was slightly more efficient than limited which was slightly more efficient than none (Table 3) . Greater seasonal irri gation probably contributes to more efficient use of total water by reducing plant stress, limiting premature leaf death, and pro viding greater ground cover so less water is lost to evaporation. The fact that sugarbeets grown without summer irrigation in this dry environment are nearly as efficient as adequately irri gated sugarbeets attests to their considerable drought tolerance. Root yield and gross sugar production were closely related to ET (Figures 1 and 2 ). In fact, differences in ET explained nearly 90% of the variability in both root yield and gross sugar over the 7-year period. In this dry climate, yield of a vegetative crop like sugarbeets is highly dependent on water. In these studies, there were few yield limiting factors such as disease or insects to affect the relationship between water and yield. Calculated water use efficiencies (WUE) can be generated from the linear regression equations given in Figures 1 and 2 . Dividing both sides of those equations by ET gives the following for WUE: t/A-inch = 0.90-\;'7 andlbsugar/A-inch = 257.1-1~o. In both cases, these equations predict slightly higher WUE for higher ET over the range of values observed in these studies. This is another way of arriving at the same conclusion as was drawn earlier from the data in Table 3 . Sucrose percentage was not affected by seasonal irrigation level except in 1979 when the drier treatments had higher sucrose (Table  3) . Water stress can contribute to higher sucrose percentage by de hydrating the roots (Carter et al., 1980; Loomis and Worker, 1963) . That may have been the case in 1979, a year with high soil water depletion and unusually high evaporative demand in October (Table  1) . However, the actual moisture level in the soil in the fall of 1979 was no lower than in many other years and in 1979 there was little difference between the irrigation levels in percent soil water at har vest. On the average, over the seven-year period, there was some difference in soil water between the treatments during the fall as evidenced by the differences in soil water depletion (Table 3) . How ever, since none of the irrigation treatments were irrigated for about 8 weeks prior to harvest, differences in root dehydration at harvest were probably small. An off-setting factor might be the lower amino nitrogen level in the roots of the adequate water treatment at harvest (Table 4) .
More seasonal irrigation resulted in higher purity sugarbeet roots (Table 4) . Sucrose loss to molasses was reduced and % recov erable sucrose was increased by greater amounts of seasonal irriga-• tion because amino-N and possibly K in the root were lower. Irriga tion level had no consistent effect on Na. The effective N rate may have been lower with adequate seasonal irrigation than the drier treatments even though N rates were reduced when irrigation was reduced ( Table 2) •Means within the same year followed by the same letter are not significa'1.tly different at 5% level. NS means not significantly different.
averaged 7.9, 6.7, and 6.3lb/ton of roots produced for none, limited, and adequate seasonal irrigation, respectively. If N rate had not been reduced on the drier treatments, as would frequently be the case in local commercial practice, the purity would have been de graded even more at the lesser irrigation levels.
